Document AOl 
App^o. 09/580,463 



* 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Iniemanonal Bureau 




PCT 

.^ER-NATlONALAPmCATK^^ ™ COOPERATE T.EATT (PCT, 



(51) International Patent Classification 6 : 
A61K 9/127, C07C 229/12, 237/06, 
279/12, 275/16,271/20 



A2 



j ni) International Publication Number: 
(43) International Publication Date: 



WO 97/19675 ; 

5 June 1997 (05.06.97) 



(21) International Application Number: PCT/US96/19721 

(22) International Filing Date: 27 November 1996 (27.1 1.96, 



(30) Priority Data: 

08/565,756 



30 November 1995 (30.1 1.95) US 



(71) Applicant: VICAL INCORPORATED [US/US] |; Suite 100. 

9373 Towne. Centre Drive, San Diego, CA 92121 (US). 

(72) Inventor: WIIEELER. Carl, J.: 14101 Arbolitos Drive. Poway. 
CA 92064-6439 (US). 

(74) Agent: ALTM AN, Daniel, F.; Knobbe, Martens, Olson & Bear 
16th floor. 620 Newport Center Drive. Newport Beach. CA 
92660 (US). 



(81) Designated States: CA, JP. European patent (AT. BE. CH, DE. 
DK. ES, Fl. FR, GB. GR, IE. IT, LU. MC. NU PT, SE). 



Published ' , . , , 

Without international search report and to be republished 

upon receipt of that report. 



(54) Title: COMPLEX CATIONIC LIPIDS 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 


GN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway- 


BF 


Burkina Fast* 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


PT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgystan 


RU 


Russian Federation 


CA 


Canada 


KP 


Democratic People's Republic 


su 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


Cll 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


Cote d" [voire 


l.[ 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Liberia 


SZ 


Swaziland 


CS 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


CTL 


Czech Republic 


1.0 


Luxembourg 


T<; 


Togo 


DE 


Germany 


LV 


Latvia 


TJ 


Tajikistan 


UK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moldova 


UA 


Ukraine 


BS 


Spain 


MG 


Madagascar 


LG 


Uganda 


FI 


Finland 


MI- 


Malt 


LS 


United Slates of America 


FR 


Prance 


MN 


Mongolia 


VI 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Vict Nam 



15 



PCTAJS96/1972I 
WO 97/19675 

r^iiPi pv r&TinNic upids 

The p,.sen, in,...,- » *• "** ^ * 3 "T 

which is receded b, * I*- » • «— " M *"* " ""7, 

5 C, '°' eC "T second aspec. of <he P-esen. <° '«* ha * 8 ' " m '"' " 

carbons of the quaternary nitrogen. 

A ,hi,d aspec. .f .he p-esem i.»en.i.n re.a..s sech cy..lec.ibs whe,ein ft. bieloajcab, acme mce.y 

„ ,„ .... acid pep* Pieced ft. -h.se n— es — « »* - ™*»^ * 

,o chi,8!d " ;:i:::;i p i' «. — — — - - — — ■ - -** - 

c.„,=,ns *.n»*. amine acids which .,. no, gene* I— in na.ural e, 9 a«,sn>s. 
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indicates that transf ection activity depends in part on the celt type transf ected (Feigner et al. J. Biol. Chem. 
84:7413-7417, 1987; Wheeler et at. Biochem. Biophys. Acta, in press). Particularly, cationic lipids comprising 
spermine substitution of the ammonium groups proved more effective than OOTMA for transfection of some cell lines. 
This phenomenon suggests that effective transfection depends not only on passive fusion of the cationic lipid complex 
with the structural lipid bilayer of the plasma membrane, but on specific cellular characteristics and interaction 
between cell components and the individual cationic lipid species. 

Structural variants among cytofectin species are therefore an indication of a more sophisticated 
understanding of the multiple and complex interactions of cytofectins with cells, and an effort on the part of 
investigators to take advantage of one or more of these interactions. 

DOTMA, N-[1-(2,3-dioleyioxy)propyl]-N,N,N-tnmethyl ammonium, disclosed in U.S. Patent No. 5,049,386 to 
Epstein, was one of the first cationic lipids developed, and lipids of this group have become reference compounds 
in evaluating comparative cytofectin potency in the development of new structural variants. DOTMA lipids are 
characterized by a propanaminium group having a quaternary nitrogen, which provides the cationic site of the 
molecule, together with a pair of C t8 hydrocarbons that are ether-linked to the propyl backbone of the molecule. 
The quaternary nitrogen is trisubstituted with relatively shorter alkyl chains, such as methyl groups. A structurally 
similar cationic lipid, 1,2-bis(oleoyloxy)-3-3-(trimethylammonia|propane (OOTAP), comprises acyl, rather than ether- 
linked alkyl groups, and is believed to be more easily metabolized by target ceils. 

Some species of cationic lipids, for example, ammonium salts directly substituted by alkyl or acyl groups, 
were developed primarily for purposes of economy (U.S. Patent No. 5,279,833 to Rose). Others were developed in 
an effort to provide less toxic effects; for example, a highly biocompatible cytofectin prepared from 
phosphatidylcholine and sphingomyelin: 1, 2-dioleoyl-5/7glycero-3-ethylphosphocholine (Avanti Polar Lipids, Inc. 
Alabaster, AL, Cat. Nos. 890700-706). 

U.S. Patent No. 5,254,618 to Feigner et al., the contents of which are incorporated herein by reference, 
discloses cytofectins that are structurally similar to the Rosenthal Inhibitor (Rl) of phospbolipase A (Rosenthal et aL, 
J. Biol Chem. 235:2202-2206, 1960) and diacyl- or atkyl/acyl- species thereof. The Rl based series of compounds 
are known by acronyms having the pattern: OORIE (C, B ); OPRIE (C, 6 ); and DMRIE (CJ. These acronyms imply a 
common basic chemical structure; for example, DMRIE is 1 propanaminium, N-(2-hydroxyethyl)-N,N*dimethyl-2,3- 
bis(tetradecyloxy)-, bromide, (+> (CAS registry:146659); the others differ in their substituent alkyl groups. These 
cytofectins, having a polar hydroxyethyl substituent on the quaternary ammonium group, provide more effective 
transfection in many cases than DOTMA type compounds. A study of the effect of varying substituents at the 
hydroxyalkyl moiety and variation of alkyl chain lengths on the transfection efficacy of the Rl cytofectins is 
presented in Feigner et al. U Biol. Chem. 269:2550-2561, 1994). Again, the studies showed that the optimum 
hydroxy! alkyl chain length is cell type dependent. 

The conversion of DMRIE to /7AE-OMRIE (Wheeler et al, Biochem. Biophys. Acta, in press) has been found 
to have a significant effect on cytofectin activity. DMRIE, which has a quaternary nitrogen adjacent to a primary 
alcohol, thus imparting a pH independent positive charge, is one of the most active cytofectins now known. 
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However, the substitution of a primary amine group for the alcohol on OMRIE to give /7AEDMRIE was found to form 
DNA complexes that are structurally distinct from those with DMRIE, and /7AE0MRIE is able to transfect many cell 
lines effectively in the absence of helper co-lipids. The observation that a single substitution in the cytofectin 
skeleton can provide marked changes in transfection properties suggests that other modifications can bring about 
similar improvements in gene delivery. 

Continuing studies of the transfection event indicate that cationic lipids may facilitate not only entry of the 
functional molecule into the cytoplasm of a cell, but may also provide additional beneficial capabilities: for example, 
protecting the functional molecule from lysosomal degradation, facilitating entry into the nuclear compartment, or even 
preventing the degradation of the RNA transcription product by cytoplasmic enzymes. These functions of cationic 
molecules are believed to be related to specific structural features. Accordingly, there is a need for cytofectins that 
are particularly suited to transfection of foreign molecules into specific cell types. There is also a need to develop 
cytofectins that are able to perform specific intracellular functions. 

SUMMARY OF THE INVENTION 
The present invention relates to a number ol linkage groups for coupling a bioaciive agent which is 
recognized by a metabolic system to a cytofectin having a Rosenthal Inhibitor core structure. 

A second aspect of the present invention relates to such cytofectins having a primary amine within 8 

carbons of the quaternary nitrogen. 

A third aspect of the present invention relates to such cytofectins linked to an amino acid or peptide 
selected from those moieties which are non-polar, polar and uncharged, and negatively charged at physiological pH. 
Examples of polar and uncharged amino acids are those possess a side chain having a polar moiety, such as serine 
and threonine. Examples of non-polar amino acids are those such as glycine, valine, pheylalanine. and leucine, which 
possess a linear alkyl or cyclic alkyl or heteroalkyl side chains. Examples of negatively charged amino acids are 
those such as glutamate or aspartate which possess a negatively charged acidic side chain. 

A fourth aspect of the present invention relates to such cytofectins linked to an amino acid or peptide 
which contains alternative amino acids which are not generally found in natural organisms. Such amino acids include 
but are not limited to the modified and unusual amino acids listed in 37 C.F.R. 5 1.822. In addition, such amino 
acids may be synthetic amino acids not found in nature. 

One embodiment of the present invention is a cationic amphiphilic lipid comprising: 

a Rosenthal inhibitor core structure comprising a quaternary nitrogen group; 

an alkyl linker attached to the quaternary nitrogen, the linker comprising a carboxy, carbamyl, 

ureyl, thioureyl or guanidyl group; and 

a bioactive agent which is recognized by a metabolic system attached to the linker. 
Another embodiment of the invention is a compound of the formula 
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in which 

R1, and R2 are 
independently H ( linear or 



H2C— 0-R1 


Y" 


I 

HC— O— R2 




I 


?? 


(CH 2 ) n 


-N— (CH 2 )— R5 




R4 



branched, unsubstituted or substituted C, 23 atkyl, acyl, alkylene, heteroaikyl groups having from 0 to 6 sites of 
unsaturation, cyclic and aryl groups, the groups comprising from 0 to 5 heteroatoms, in which the substituent groups 
are -Q-(CH 2 ) fc -CH 3 , S-(CH 2 ) k CH 3 , X-(CH 2 ) k - f wherein X is a halide, and -N((CH 2 VCH 3 ) 2 , wherein the alkyi groups of the 
substituents comprise from 0 to 2 heteroatoms, and k is 0-4; 

R3 and R4 are independently linear or branched, unsubstituted or substituted C 723 alkyi, alkylene or 
heteroaikyl groups having from 0 to 6 sites of unsaturation, cyclic and aryl groups, the groups comprising from 0 
to 5 heteroatoms, in which the substituent groups are -0-(CH 2 ) k -CH 3 , -S-(CH ? ) k -CH > X-ICH^-, wherein X is a halide, 
and -N{(CH 2 VCH 3 ) 2 , wherein the alkyl groups of the substituents comprise from 0 to 2 heteroatoms, and k is 0-4; 

R5 has the structure 



o 

II 




— c — 


— Z R6 



wherein Z is selected from the group consisting of 0, S, N, Se, C; and R6 is absent, or is selected from 
the group defined for R1, R2, R3 and R4; 
Y is a pharmaceutical^ acceptable anion; 
n is 1 to 6;and 
m is 2-10. 

Preferably, in the structure defined above, 2 is N, and R5 has the structure 



O 

1) R7 
^R8 
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wherein R7 and R8 are independently selected from the group defined for R1, R2. R3 and R4 and optionally 
further comprise a chemically linked amino acid, peptide, polypeptide, protein, nucleic acid, nucleotide, polynucleotide, 
mono-, di- or polysaccharide, or other bioactive or pharmaceutical agent; 

n is 1 to 6; 

m is 1 to 10; and 
Y is a pharmaceutical^ acceptable anion. 

Advantageously. Z is C, and R5 has the structure 



o 


/ R7 


II 




— c— ; 


7— R9 




V R8 



wherein R7, R8 and R9 are independently selected from the group defined for R1, R2, R3 and 
R4 and optionally further comprise a chemically linked amino acid, peptide, polypeptide, protein, nucleic acid, 
- nucleotide, polynucleotide, mono-, di- or polysaccharide, or other bioactive or pharmaceutical agent; 
n is 1 to 6; 
m is 2 to 10; and 

Y is a pharmaceutical^ acceptable anion. 

According to another aspect of this preferred embodiment. Rl and R2 are C 8 to C 2Q alkyl or alkenyl groups, 
Z is 0 and R6 is a chemically linked amino acid or peptide. 

The present invention also provides a compound of the formula 



H2C— 0-R1 Y 
I 

HC— O— R2 

i ^ 3 

(CH 2 ) n N — (CH 2 )— R5 

R4 



wherein 

Rl , and R2 are independently H, linear or branched, 
unsubstituted or substituted C t „ alkyl acyl, alkylene, or heteroaikyl groups having from 0 to 6 sites of unsaturate 
35 cyclic and aryl groups, the groups comprising from 0 to 5 heteroatoms. or wherein Rl or R2 may additionally 
independently be H, wherein the substituent groups are selected from *0-(CH 7 » r CH 3 , -S-ICH^-CH,, X (CH 2 ) 0 wherein 
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X is a halide, and -N((CH 2 ) k -CH 3 ) ? , wherein the alkyl groups of the substituents comprise from 0 to 2heteroatoms 
and k is 0-4; 

R3 and R4 are independently linear or branched, unsubstituted or substituted C,. 23 alkyl, alkylene or 
heteroalkyl groups having from 0 to 6 sites of unsaturation, cyclic and aryl groups, the groups comprising from 0 
to 5 heteroatoms. or wherein R1 or R2 may additionally independently be H, wherein the substituent groups are 
selected from -0-(CH 2 ) k -CH 3 , .S-(CH ? ) k -CH 3 , X-(CH 2 ) k - ( wherein X is a halide, and -N((CH 2 ) k -CH 3 ) 7 , wherein the alkyl 
groups of the substituents comprise from Q to 2 heteroatoms and k is 0-4; 

wherein R5 is N-C(O)- or R5 has the structure 





W 

n 






— N X 

i 


N N — R6R7 


R8 





wherein R6, or R6 together with R7, is selected 
from the group defined for Rl, R2 ( R3 and R4 and optionally further comprises a chemically linked amino acid, 
peptide, polypeptide, protein, nucleic acid, nucleotide, polynucleotide, mono, di- or polysaccharide, or other bioactive 
or pharmaceutical agent; 

R8 is absent, or is H or an aikyl group selected from 
the group consisting of Rl. R2 f R3 and R4 and wherein R8 may be joined to R6 or R7 so as to form a ring; 

W is 0, N, NH, S, Se, C, CH, or CR,R ? , wherein tt^ and R : are as defined above; 

n is 1 to 6; 

m is 2 to 10; and 
Y is a pharmaceutical^ acceptable anion. 

Another embodiment of the invention is a compound of the formula 



H 2 C— o-R1 V 
I 

HC-0-R2 

R3 

(CH 2 ) n N — (CH 2 )— R5 

i 

R4 
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wherein Rl and R2 are independently H, linear or branched, unsubstituted or substituted C,.„ alkyl. acyl. 
alkylene or heteroalkyl groups having from 0 to 6 sites of unsaturation, cyclic and aryl groups, the groups comprising 
from 0 to 5 heteroatoms, wherein the substituent groups are selected from O ICHA-CH,. S(CrU-CH 3 . X ICH,),,-. 
wherein X is a halide. and NHCH^-CHj),, wherein the alkyl groups of the substituents comprise from 0 to 2 
heteroatoms and k is 0 4; 

R3 and R4 are independently linear or branched, unsubstituted or substituted C, „ alkyl or heteroalkyl groups 
having from 0 to 6. sites of unsaturation, cyclic and aryl groups, the groups comprising from 0 to 5 heteroatoms, 
wherein the substituent groups are selected from -0 (CH J ) l -CH 3 , S (CH^-CH,. XlCr^, wherein X is a halide. and 
N((CH ? VCH 3 ) 2 , wherein the alkyl groups of the substituents comprise from 0 to 2 heteroatoms and k is 0-4; 

wherein R5 has the structure 



w 












— O' 




^R7 



wherein R6 or R6 together with R7 is selected from 
the group defined for Rl. R2, R3 and R4 and optionally further comprises a chemically linked amino acid, peptide, 
polypeptide, protein, nucleic acid, nucleotide, polynucleotide, mono, di- or polysaccharide, or other bioactive or 
pharmaceutical agent; 

W is 0. N, NH, S, Se, C, CH, or CR,R 2 ; 

n is 1 to 6; 

m is 2 to 10; and 

Y is a pharmaceutical^ acceptable anion. 

Still another embodiment of the invention is a compound of the formula 



H2C— O— R1 
I 


Y" 


HC-0-R2 




I 


r 


(CH 2 )p 


-N— (CH 2 R5 




R4 



wherein R1 and R2 are independently H, linear or 
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branched, unsubstituted or substituted C 123 alkyl, acyl, aikylene or heteroalkyl groups having from 0 to 6 sites of 
unsaturation, cyclic and aryl groups, the groups comprising from 0 to 5 heteroatoms, wherein the substituent groups 
are selected from -0-(CH 7 VCH 3 , -S-(CH 2 ) k CH 3 , X-(CH ? ) k -, wherein X is a halide, and •N((CH 2 ) k CH 3 ) 2( wherein the alkyl 
groups of the substituents comprise from 0 to 2 heteroatoms and k is 0-4; 

R3 and R4 are independently linear or branched, unsubstituted or substituted C t ?3 alkyl or heteroalkyl groups 
having from 0 to 6 sites of unsaturation, cyclic and aryl groups, the groups comprising from 0 to 5 heteroatoms, 
wherein the substituent groups are selected from O-tCH^-C^, -S-fCH^-CH^ X-(CH 2 > k - f wherein X is a halide, and • 
NflCH^-CH^, wherein the alkyl groups of the substituents comprise from 0 to 2 heteroatoms and k is 0*4; 

wherein R5 has the structure 



15 



c 


\>_ R6 


N 




1 

R7 





20 



25 



30 



wherein R6, or R6 together with R7, is selected from the 
group defined for R1, R2, R3 and R4 and optionally further comprises a chemically linked amino acid, peptide, 
polypeptide, protein, nucleic acid, nucleotide, polynucleotide, mono, di- or polysaccharide, or other bioactive or 
pharmaceutical agent; 

W is 0, N, NH, S, Se, C, CH, or CR,R ? ; 

n is 1 to 6; 

m is 2 to 10; and 

Y is a pharmaceutical^ acceptable anion. 

The present invention also provides a compound of the formula: 



H2C— 0-R1 


Y" 


I 

HC-0-R2 






R3 


(CH 2 ) n 


N— (CH 2 )— R5 




R4 



35 



wherein R1 and R2 are independently H, linear or 
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branched, unsubstituted or substituted C, 73 alkyl, acyl, aikylene, or heteroalkyl groups having from 0 to 6 sites of 
unsaturation, cyclic and aryl groups, the groups comprising from 0 to 5 heteroatoms, wherein the substituent groups 
are selected from -0 (CH ? ) k -CH 3 , S-(CH 2 ) k -CH 3 , X-(CH ? ) k -, wherein X is a halide, and -N{(CH 2 ) k CH 3 ) 2 , wherein the aikyl 
groups of the substituents comprise from 0 to 2 heteroatoms and k is 0-4; 

R3 and R4 are independently linear or branched, unsubstituted or substituted C, „ alkyl or heteroalkyl groups 
having from 0 to 6 sites af unsaturation, cyclic and aryl groups, the groups comprising from 0 to 5 heteroatoms, 
wherein the substituent groups are selected from -0*(CH 2 ) k -CH 3 , -S-(CH ? ) k -CH 3 , X-(CH ? l k -, wherein X is a halide, and • 
N({CH 2 ) k -CH 3 ) 2 , wherein the alkyl groups of the substituents comprise from 0 to 2 heteroatoms and k is 0*4; 

wherein R5 is absent or is 0-R6-R7 or -NH-R6-R7, wherein R6, or R6 together with R7, is selected 
from the group defined for R1, R2, R3 and R4 and optionally further comprises a chemically linked amino acid, 
peptide, polypeptide, protein, nucleic acid, nucleotide, polynucleotide, mono, di- or polysaccharide, or other bioactive 
or pharmaceutical agent; 

n is 1 to 6; 

m is 2 to 10; and 

Y is a pharmaceutical^ acceptable anion. 

Preferably, this compound is selected from the group consisting of amino acids or peptides chemically linked 
to dialkyl-Rosenthal inhibitor esters and dialkenyl-Rosenthal inhibitor ethers; most preferably, the compound is selected 
from the group consisting of dialkyl- and dialkenyl-Rosenthai Inhibitor ethers covalently linked to a bioactive moiety 
through a bifunctional linker. Advantageously, R5 is -0-R6-R7, and R6 is an amino acid or polypeptide. In another 
preferred embodiment, R5 is glycine. 

The present invention does not include those compounds wherein R1 is H, or C1C24 alkyl or alkenyl and 
R2 is C1 to C24 alkyl or alkenyl and R3 and R4 are the same or different and are C1-C24 alkyl or H, R5 is 0-R6- 
R7, and R6 is absent, -C(0MCH2) P -NH, a diaminocarboxylate ester group which is alkyl, aryl, or aralkyl or -C(0)- 
(CH2} F -NH linked to a diaminocarboxylate ester group and p is 1 to 18, and R7 is H, spermine, spermidine, a histone. 
a protein with DNA-binding specificity or the preceding groups wherein the amine functionalities of the R7 moiety 
are quaternized with H or a C, to C 24 straight or branched alkyl chain; or 

an lor D-afpha amino acid having a positively charged group on the side chain, said amino acids comprising 
arginine, histidine, lysine or ornithine or analogues thereof;or wherein the amine of the R7 moiety is quaternized with 
H or a C, to C 2< straight or branched alkyl chain; or 

a polypeptide selected from the group consisting of L- or 0-alpha amino acids, wherein at least one of the 
amino acid residues comprises arginine, histidine, lysine, ornithine, or analogues thereof. 

Additional compounds not included in the present invention are those wherein n is 1 and m is 2 to 6 and 
R1 and R2 separately or together are C,-C 23 alkyl or C{0)-C r C 23f and R3 and R4 separately or together are H or 
unbranched alkyl C r C 6 , and R5 is NH-R6-R7 and R6-R7 is -{CH 2 ),NH2 where z is 2-6; or (CH^ NH ICH^ NHj; or - 
NH (CH 2 ) 3 -NH (CH 2 ) 4 -NH{CH 2 ) 3 .NH 7 . C(0)fluorescein, or 
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-C— CH— (CH 2 ) 3 — NH— (CH 2 ) 3 — NH 2 
NH— (CH 2 ) 3 —NH 2 



or 



O 

i: 

-C— CH — (CH 2 ) 3 — NH 2 
NH 2 



or 



O 

11 



— C-CH — (CH 2 ) P "NH 2 
NH— Z 



where p is 2-5, Z is H or other groups attached by amide or alkyl amino groups. 

Another embodiment of the invention is a compound having the structure 



H 2 C — O — R. Y 

i 

HC — O — R 2 

I? 

(CH^n N R— Z— R 6 



wherein FH and R2 are independently H, linear or 
branched, unsubstituted or substituted C 123 alkyl, acyl, alkylene, or heteroalkyi groups having from 0 to 6 sites of 
unsaturation, cyclic and aryl groups, the groups comprising from 0 to 5 heteroatoms, wherein the substituent groups 
are selected from -0(CHA-CH 3 , -S-(CH 2 ) k -CH 3 . X-{CH 2 ) k - ( wherein X is a halide, and -N((CH ? ) t -CH 3 ) ? , wherein the alkyl 
groups of the substituents comprise from 0 to 2 heteroatoms and k is 04; 
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R3 and R4 are independently linear or branched, unsubstituted or substituted C, „ alkyl or heteroalkyl groups 
having from 0 to 6 sites of unsaturate, cyclic and aryl groups, the groups comprising from 0 to 5 .heteroatoms. 
wherein the substituent groups are selected from -O-ICH^CH,. S-(CH ? | k CH, X-lCrU, wherein X is a ha.ide. and . 
N((CH ? ) k CH 3 )j, wherein the alkyl groups of the substituents comprise from 0 to 2 heteroatoms and k .s 0-4; 

R5 is absent or is -0-R6 R7 or NHR6-R7, 
wherein R6. or R6 together with R7, is selected from the group defined for R1. R2. R3 and R4 and opt.onally further 
comprises a chemically linked amino acid, peptide, polypeptide, protein, nucleic acid, nucleotide, polynucleotide, mono, 
di- or polysaccharide, or other bioactive or pharmaceutical agent; and 
n is 1 to 6; 
m is 2 to 10; and 

Y is a pharmaceutical^ acceptable anion; and 
Z is 0. NH. or S; 

Preferably. R5 is a heteroethylene group. X is 0 and R6 together with R7 is a amino acid or peptide linked 
to the heteroethylene group through an ester bond. 

The present invention does not include certain compounds which would fall within the structure above. For 
example, if Z is 0 and R1 is H, or C1-C24 alkyl or alkenyl and R2 is CI to C24 alkyl or alkenyl and R3 and R4 are 
the same or different and are C1-C24 alkyl or H. and R6 is absent. .C(0HCH2) P -NH. a diaminocarboxylate ester group 
which is alkyl. aryl. or aralkyl or •C(0)-(CH2) P NH linked to a diaminocarboxylate ester group and p is 1 to 18. and 
R7 is H spermine, spermidine, a histone. a protein with DMA-binding specificity or the preceding groups wherein the 
amine functionalities of the R7 moiety are qua.ernized with H or a C, to C„ straight or branched alkyl chain; or 

an L or D-alpha amino acid having a positively charged group on the side chain, said amino ac.ds composing 
arginine. histidine. lysine or ornithine or analogues thereof;or 

where.n the amine of the R7 moiety is quaterni Z ed with H or a C, to C M straight or branched alkyl chain; or 

a polypeptide selected from the group consisting of I- or D-atpha am.no acids, wherein at least one of the 

amino acid residues comprises arginine. histidine. lysine, ornithine, or analogues thereof. 

Additional compounds not included in the present invention are those wherein Z is NH and n is 1 and m 

is 2 to 6 and R1 and R2 separately or together are C,-C a alkyl or C(0) C r C„. and R3 and R4 separately or together 

are H or unbranched alky. C,C e , and R5 is NH-R6-R7 and R6-R7 is -(CH J ),NH2 where i is 2-6; or <CHJ r NH*H A - 

NH,; or .NH fCHjlj NH-ICH^ NWCH^NH,. C(0) fluorescein, or 



O 

— C-CH— (CH 2 )3— NH— (CH 2 ) 3 — NHa 
NH— (CH 2 )3— NH 2 



or 
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— C -C H — (CH 2 ) 3 — N H 2 
NH 2 



O 

— C-CH— (CH 2 )p— NH 2 
NH — Z 



where p is 2-5, Z is H or other groups attached by amide or alky! amino groups. 
The present invention also provides a compound of the formula: 



Y" 




(Formula 1) 

wherein 

R, and R ? are independently linear, branched, unsubstituted or substituted C 123 alkyl, acyl, alkyiene, or 
heteroalkyl groups having from 0 to 6 sites of unsaturation, or cyclic or aryl groups, said cyclic or aryl groups 
containing up to five heteroatoms, wherein the substituent groups are selected from the group consisting of -0 (CH 2 ) k - 
CH 3 , -S-{CH 2 ^CH 3 , X(CH 2 ) k -, wherein X is a halide, and -N((CH 2 ) k -CH 3 ) 2 , wherein k is 0 to 4, wherein the alkyl 
groups of said substituents comprise from 0 to 2 heteroatoms; and R, or R 2 may be H; R 3 and R< are defined in the 
same manner as R, and R 2 with the exception that R 3 or R 4 may not be H; R 5 is absent, H or an alkyl group as 
defined for R t and R 2 ; R 5 through R 10 independently or in combination are absent, or are H or alkyl groups as defined 
for R 1 and R 2 and, optionally, further comprise a chemically linked amino acid, peptide, polypeptide, protein, nucleic 
acid, nucleotide, polynucleotide, mono-, di- or polysaccharide, or other bioactive or pharmaceutical agent; G is absent, 
0, N, S or Se; Z is 0, N, S, Se, C; A is 0, N, S, Se, C; n is 1 to 6; m is 2-10, and Y is a pharmaceutical 
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acceptable anion. The present invention does not .nclude the compounds of Formula 1 wherein G is N, Z is 0 and 
A is C or those compounds of Formula T wherein G is 0. Z is 0 and A is C. 

The present invention also provides cytof ectin formulations comprising any of the cationic lipids of described 
above and a co lipid selected from the group consisting of neutral lipids, phospholipids, and cholesterol in a suitable 
carrier solution. 

Still another embodiment of the invention is a method of delivering an anionic molecule into a cell comprising 
the steps of: 

(a) contacting the anionic molecule with a formulation comprising as effective amount of any of the cationic 
lipids described above to form a complex with the lipid; and 

(b) contacting cells with the lipid complex formed in step (a); 

whereby a biologically effective amount of the anionic molecules are inserted into the cells. Preferably, said 
cells are in vitro: most preferably, said cells are in vivo. Another aspect of the present invention is the use 

of the compound of Formula 1 above in a composition for introducing a bioactive agent ,nto a cell. Preferably, the 
cell is in vivo. In one embodiment, the cell is in vitro. 

In one embodiment of the use. the bioactive agent is anionic, and may be DNA or RNA. 
Activity of the various compounds may be demonstrated, for example, in an assay such as an in vitro cell 
culture assay, murine lung transf ection. murine intraperitoneal tumor, and murine intramuscular and porcine or rabbit 
intraarterial assays. Such assays are illustrated herein as screening techniques for the claimed compounds. 

BRIEF DESCRIPT inM HF THF DRAWINGS 
Figure 1A is a graph of the level of total /?-gal expression obtained in C0S7 cells with different ratios of 
GMU-DMRIE:DOPE. 

Figure 1B is a graph of the peak /?-gal expression obtained in C0S7 cells with different ratios of GMU- 
DMRIE:DOPE. 

Figure 1C is a graph of the total /?-gal expression obtained in C2C12 cells with different ratios of GMU- 
DMRIE: DOPE. 

Figure ID is a graph of the peak /?gai express.on obtained in C2C12 cells with different ratios of GMU 
DMRIE: OOPE. 

Figure 2 is a graph of pulmonary expression of CAT in mouse lung when transfection was mediated with 
30 cytofectins having alkylamine moieties of differing chain length. 

Figure 3 is a graph of pulmonary expression of CAT in mouse lung when transfection was mediated with 

cytofectins having alkyl chains of C 10 .„. 

Figure 4 shows the activities of the amino acid linked compounds Gly-G DIR1E and Lys G DLRIE relative to 

GAP-OLRIE in the murine lung assay. 
35 F ig Ure 5 is a graph comparing intraperitoneal transfection activity of three cytofectins in a mouse tumor 

model. 
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BRIEF DESCRIPTION OF REACTION SCHEMES 

Following the text of the specification are several representative reaction schemes. These numbered 
reaction schemes illustrate the following: 

Scheme I illustrates the synthetic pathway for the basic skeleton of the cytof ectins of the present invention. 

Scheme II illustrates routes for the preparation of intermediates from commercially available starting 
materials in the synthesis of the cytofectins of the invention. 

Scheme III illustrates the synthetic pathway for carboxy cytofectins from an intermediate compound. 

Scheme IV illustrates the synthetic pathway for carbamyt cytofectins from an intermediate compound. 

Scheme V illustrates the synthetic pathway for cytofectins with urea-like functional groups from an 
intermediate compound. 



DETAILED DESCRIPTION OF THE INVENTION 
It has been discovered that amphipathic lipids of the quaternary ammonium class of cytofectins, for which 
the Rosenthal Inhibitor (Rl) series is the paradigm, can be derivatized to form highly effective transfection agents 
having the ability to interact more specifically with the cell membrane and to achieve higher levels of transfection. 
They provide structures that can be adapted to target key receptors and enzymes of cellular surfaces and are thus 
suitable for use in the discovery and exploitation of important factors in molecular recognition. Some of these 
cationic lipids can also be attached to substances that are delivered intracellular for achieving a particular biological 
purpose. 

The cationic lipids of the present invention have chemical structures comprising the DOTMA or Rl features 
as described previously, but have attached thereto, through a linking spacer, a structure advantageously haying 
functional groups, for example, a ketone, ester, ureyl or carbamyl moiety. The functional group can be used either 
(1) to attach a cell targeting moiety or (2) to attach a therapeutic molecule to the cytofectin. Additionally or 
alternatively, the functional group can be used as a linker to attach groups that can increase the polar charge density 
of the cytofectin, thus enhancing transfection. For example, we have discovered that the presence of a primary 
amine group within 8 carbons of the quaternary nitrogen has been found to enhance transfection efficiency. Examples 
of effective cytofectins having a primary amine within 8 carbons of the quaternary nitrogen are disclosed in Examples 
7 and 9, and the results shown in Figures 2, 3, 4, and 5. . 

Despite the original presumption that only positively charged amino acids or peptides would be capable of 
increasing cytofectin efficiency (see U.S. patent 5,264,618), transfection efficiency may also be enhanced by linking 
a peptide or amino acid which is non-polar, polar and uncharged, or negatively charged at physiological pH to the 
Rosenthal Inhibitor backbone. For example, the uncharged amino acid glycine confers greater transfection activity 
when linked to DLRIE than does the charged amino acid lysine. 
Nomenclature 

The cytofectins of the invention are cationic lipid species which have the core structure of the Rl, DL-2,3- 
diacyloxypropyl(dimethyl)-^-hydroxyethylammonium 
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Examples of acronyms for the Rl class of cytofectins are: 
DORl: OiOleylRosenthallnhibitor R-CO(CH^zlCH-(CH 2 ) 7 CH 3 
DORIE: DiOleylRosenthaUnhibitorEther R -<CH ? )JilCH -CH{CH ? I 7 CH, 
DORIE: DiDecylRosenthallnhibitorEther 

OLR1E: DiLaurylRosenlhallnhibitorEther 

DMRIE: OiMyristylRosenthallnhibitorEther 

R-(CH } ), 5 CH 3 

DSRIE: OiStearylRosenthallnhibitorEther 

/yAE-DMRIE-.Mrn'noi^Y'fi'MVf'StylRosenthannhibitorEther 

DMRIE Ox DiMyristylRosenthallnhibitorEtherCarhoxylate 

Similar acronyms denote neutrat lipids contained in liposomal formulation., for example: 
DOPE: OiOleoylPhosphatidylEthanolamine 
r.vtotectins nf the Inventi nn: Structure 

In one embodiment, the lipids of the invention have the general structure: 



30 



R- (CH) 9 CH 3 
R- (CHjlnCH, 

R- (CH ? ) 13 CH 3 DPRIE: OiPalmitylRosenthallnhibitorEther 
R-(CH 3 ) 17 CH 3 



35 




(Formula 1) 



wherein 



,. taM »« *• Sa ° m < " m C °" !,S "" 8 ° "' 

CH S-,CH,.,CH, WCHA- «*-* 11 » • "* • NIICHlVCH ''" *• "* 5r,, " PS M6S, "" e "' S 
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comprise from 0 to 2 heteroatoms and k is 0 to 4; and R, or R ? may be H; R 3 and R 4 are defined in the same 
manner as R, and R 2 with the exception that R 3 or R A may not be H; R 5 is absent. H or an alkyl group as defined 
for R, and R 2 ; R 5 through R l0 independently or in combination are absent, or are H or alkyl groups as defined for 
R, and R 2 and, optionally, further comprise an amino acid, peptide, polypeptide, protein, nucleic acid, nucleotide, 
polynucleotide, mono-, di- or polysaccharide, or other bioactive or pharmaceutical agent chemically linked thereto; G 
is absent, 0, N, S or Se; Z is 0, N, S, Se, C; A is 0, N, S, Se, C; n is 1 to 6; m is 2-10, and Y is a 
pharmaceutical^ acceptable anion. 

The present invention does not include the compounds of Formula 1 wherein G is N, Z is 0 and A is C or 
those compounds of Formula 1 wherein G is 0, Z is 0 and A is C or those in which G, Z, and A are C. 

In a preferred embodiment of this structure, n - 1-2. In another preferred embodiment, m-2-4. In a further 
preferred embodiment, k-0-4. Preferentially, R3-10, if alkyl, are C10-15. 

In a preferred embodiment, the cytofectins of the present invention have the following formula: 



H2C— o-R1 Y 

i 

HC-0-R2 

f 

(CH 2 ) n N — (CH 2 )^- R5 

i 

R4 



(Formula 2) 

wherein R1, R2, R3 and R4 are independently linear or branched, unsubstituted or substituted C r73 alkyl, acyl, 
alkylene or heteroalkyl groups having from 0 to 6 sites of unsaturate, cyclic and aryl groups, and containing from 
0 to 5 heteroatoms, the substituent groups selected from -0-(CH 2 ) k -CH 3 , .S-(CH 2 ) k -CH„ X-(CH 2 ) k -, wherein X is a halide, 
and -N{(CH 2 ) k *CH 3 ) 2 , wherein the alkyl groups contain from 0 to 2 heteroatoms; n is 1 to 6; m is 2 to 10; and R5 
is a chemical structure having functional groups that define a species of formula 2. R5 is preferably linked to the 
ammonium nitrogen through an alkyl linker, which can also contain heteroatoms. 

The cationic lipids of the invention are associated with a physiologically acceptable non-toxic anion, Y. 

Anions commonly used in pharmaceutical preparations are disclosed in Berge et al. [J. Pharm. ScL 66:1-19, 1977), 

which is hereby incorporated by reference. 

In preferred embodiments, n is 1 and m is 2-4, and the preferred cytofectin species of the invention thus 

have the Rl skeleton shown in the key intermediate, formula L3, infra. Other cytofectin species of the present 

invention are homologs of the Rl based group, and these cytofectins have the same general formula I; however, n 

is 3-6 and m is 2-10. 
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The cytofectins of the present invention can be viewed as an assembly of functional parts in a modular 
arrangement, comprising: 

A. A hydrophobic structure, which can be aliphatic chains, that can include cyclic structures within. 

but not between, the aliphatic chains. 

B A most characteristic portion ot the molecule, comprising a quaternary N atom substituted with 
dialkoxy. diacyloxy. and alky, groups, that can also be part of a ring that includes the groups attached above and 
below in Formula 1. 

C. A spacer. (CH 2 )„, that is usually an aliphatic chain, but can also include one or more heteroatoms. 
0 A linker group, often a backbone of three atoms having a central carbon atom, usually doubled 
bonded to oxygen. The linker group is carboxyl. carbamyl. ureyl. or guanidy.. and. as will be considered below, may 
have a common key synthetic intermediate. In the molecules of the invention, when this group is not symmetr.cal, 

its left to right orientation can be reversed. 

E A "cargo" portion of the molecule, which can comprise amino acids, peptides, proteins, 

carbohydrates, nucleic acids, drugs, ligands, or any other mo.ecu.ar specie, that can interact with a eel, constituent 
15 to induce a desired response. These molecules can be attached to the linker group of the molecule by Afunctional 
spacers. 

Compounds of the class described above were designed to allow efficient derivatizat.on of the bas,c 
dioxypropaniminium skeleton with a wide variety of chemica, moieties, and in particular those entities which are 
considered physiologically active. Members of this Cass of cytofectins have been constructed as paradigms for the 
20 general introduction of a wide variety o. chemical functionalities using the synthetic methods disclosed herein. The 
unique functiona. groups described herein as "linkers" will a«so impart enhanced properties of efficacy and/or 

specificity to the cytofectins of the invention. 

The specific bioactive peptides and saccharides introduced into the ureas and thioureas, respectively, w... 
allow selective targeting or enhanced mternaUzation via receptor-mediated processes. The introduction of a urea 
25 group wil. increase the interaction between the cytofectin and the phosphate backbone of DNA. thus enhancing 
transaction. The ability to generalize the d.sclosed procedures will allow easy functiona.ization of the bas,c 
cytofectin skeleton with a wide variety of bioactive molecules known to one of ordinary skill .n the art. 

Species of the cytofectins of the present invention are classified on the basis of a characteristic R5 
substitution in the general formula 1. as follows: 
30 1. r.arhnn y cytofectins 

One species of cationic lipids of the invention is characterized by the presence of a carboxy group in a 
substituent linker group on the ammonium group o, formula 1. The members of this Cass have the genera, structure 
of formula 1. however, in the carboxy species R5 has the structure 
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wherein Z is 0, N. S, Se, C or H; and R6 
is the group defined for R1, R2, R3 or 
R4; 

When Z is N r R5 has the structure 



O 




O 

II 

C Z R6 



and when Z is C, R5 has the structure 




wherein R7, R8 and R9 are independently H or are selected from the group defined for R1, R2, R3 and R4. 

In all members of this species RB r R7, R8 and R9 optionally further comprise a chemically linked amino acid, 
peptide, polypeptide, protein, nucleic acid, nucleotide, polynucleotide, mono-, di- or polysaccharide, or other bioactive 
or pharmaceutical agent. 
2. Carbamvl cvtofectins 

Another species of cationic lipids of the invention is characterized by the presence of a carbamyl group in 
one of the substituents on the ammonium group of formula 1 and the members of this class have the general 
structure 



H2C— 0-R1 


Y" 


HC-0-R2 




J 


F 


(CH 2 ) n 


-N— (CHz),*- 05 




R4 



wherein R5 has the structure 
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W 

li 



,B6 
-R7 



wherein W is 0, N. NH, S. Se. C. CH. CR1 or CR1R2 and R6 and R7 are as defined above. 

The carbonyl cationic lipids of the invention also include those having the isomeric carbamvl structure 
wherein R5 has the structure 




wherein W is as defined above. R6 is as defined for the carboxy species and R7 is absent, or is H or an alky! group 
as defined for the carboxy species. Preferred embodiments of the carbamate cytofectins comprise methyl carbamate 
groups attached to the lipid through alkyl linkers (CHJ. wherein m is 2 to 4. 

The carbamate structure allows facile amine alcohol ligand coupling at the terminal group. 
3 Cvtofectins having urea-li ke linking groups 

Another species of cationic lipids of the invention of is characterized by the presence of a urea-like group 
in a substituent on the ammonium group of formula 1 and the members of this class have the general structure: 



H2C— 0-R1 

I 

HC-0-R2 



(CH 2 ) n - 



f 

-N 

t 

R4 



— (CH 2 )zr * 5 



wherein R5 has the structure 
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wherein Wis 0, N, NH, S, Se, C, CM. 
CR1R2; R6 and R7 are independently 
as defined for the carboxy species 
above; R8 is absent, or is H or an alky I group R1, R2, R3, or R4 as defined above for formula 1; and when R6, R7 
and R8 are not H, they optionally further comprise a chemically linked amino acid, peptide, polypeptide, protein, 
nucleic acid, nucleotide, polynucleotide, mono-, di- or polysaccharide, or other bioactive or pharmaceutical agent. 

(a) Urevl cvtofectins 

One species of the cationic lipids of the invention of this class thus has the general structure of formula 
1 and is characterized by the presence of a ureyi group in the substituent on the ammonium nitrogen of formula 1. 
In this species R5 has the structure as defined above wherein W is oxygen. 

(b) Guanidvl cvtofectins 

Another species of cationic lipids of the invention according to this class are characterized by the presence 
of a guanidyl group in a substituent of the ammonium group nitrogen of formula 1 and have the general structure 
of formula 1 wherein R5 has the structure as defined above wherein W is N or NH. 

(c) Thiourea and selenourea cvtofectins 

The cationic lipids of the invention also include compounds having the general structure of formula 1 
wherein R5 has the structure as defined above wherein W is S or Se, 

(d) Other urea-related cvtofectins 

The cationic lipids of the invention also include compounds having the general structure of formula 1 
wherein R5 is as defined above wherein W is C, CH, CR1, or CR1R2, wherein R1 and R2*are as defined for formula 
1; R6, R7 and R8 are selected from the group defined for R1, R2, R3 and R4 

The urea/thiourea synthesis allows facile amine-amine ligand coupling, and provides a means to prepare 
saccharide and amino acid derivatives. Preferred saccharide derivatives that can be prepared via the thiourea linkage 
include glucose, galactose, lactose, and arabinose species. 
4. N* heteroethvlene substituted cvtofectins 

The invention also includes another major species of cationic lipids comprising a heteroethylene substitution 
on the quaternary ammonium of a propaminium group including the /?-hydroxyethylene substitution that is 
characteristic of the Rl species of cationic lipid, as well as comprising the amine derivative disclosed in Wheeler et 
al., Biochem. Biophys. Acta, in press. This group of compounds has the general structure 
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H2C— 0-R1 

I 

HC-0-R2 



(CH 2 ) n - 



R3 

1 ♦ 

-N - 



~(CH 2 )— R5 



R4 



wherein R1 and 
R2 are independently H, 
linear or branched, 

unsubstituted or substituted C„, alkyl, acyl. alkylene or heteroalkyl groups having from 0 to 6 sites of unsaturate. 

cyclic and aryl groups, said groups comprising from 0 to 5 heteroatoms, wherein the substituent groups are selected 

from .0-(CH 2 ) k CH 3 . -S(CH 2 ) k -CH 3 . X-{CH 2 ) k -, wherein X is a halide. and -N((CH,) k CH 3 ) ? . wherein the alkyl groups of 

said substituents comprise from 0 to 2 heteroatoms k is 0-4. n is 1-6, and m is 2-10. 

R3 and R4 are independently linear or branched, unsubstituted or substituted C )23 alkyl. alkylene or 
heteroalkyl groups having from 0 to 6 sites of unsaturate, cyclic and aryl groups, said groups comprising from 0 
to 5 heteroatoms. wherein the substituent groups are selected from -0-(CH 2 ) k -CH 3 , S.(CH 3 ),CH 3 . X-(CH A , wherein 
X is a halide, and -N«CH 2 ] k .CH 3 ) 2 . wherein the alkyl groups of said substituents comprise from 0 to 2 heteroatoms 
and k is 0-4; 

wherein R5 is H or is -0-R6R7 or -NHR6R7, wherein R6, or R6 together with R7. is selected from the 
group defined for R1. R2, R3 and R4 and optionally further comprises a chemically linked amino acid, peptide, 
polypeptide, protein, nucleic acid, nucleotide, polynucleotide, mono, di- or polysaccharide, or other bioactive or 

pharmaceutical agent; 

and Y is a pharmaceutically acceptable anion; 

The present invention does not encompass compounds known in the art which fall within the generic 
structure above. For example, the present invention does not include those compounds wherein R5 is -0-R6-R7 and 
R1 is H. or C1-C24 alkyl or alkenyl and R2 is C1 to C24 alkyl or alkenyl and R3 and R4 are the same or different 
and area-C24 alkyl or H. and R6 is absent. C(0)-(CH2) P -NH. a diaminocarboxyiate ester group which is alkyl. aryl. 
or aralkyl or C(0)-(CH2) P -NH linked to a diaminocarboxyiate ester group and p is 1 to 18, and R7 is H, spermine, 
spermidine, a histone, a protein with DNA-binding specificity or the preceding groups wherein the amine functionalities 
of the R7 moiety are quaternized with H or a C, to C„ straight or branched alkyl chain; or 

an L or D-alpha amino acid having a positively charged group on the side chain.said amino acids comprising 
arginine, histidine, lysine or ornithine or analogues thereof;or 

wherein the amine of the R7 moiety is quaternized with H or a C, to C 21 straight or branched alkyl chain; or 

a polypeptide selected from the group consisting of L- or O alpha amino acids, wherein at least one of the 

amino acid residues comprises arginine, histidine. lysine, ornithine, or analogues thereof. 

Additional compounds not included within the present invention are those wherein R5 is NH R6-R7 and n 

is 1 and m is 2 to 6 and Rl and R2 separately or together are C,C 23 alkyl or C(0)-C,-C„ and R3 and R4 separately 
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or together are H or untouched alkyl C,C 6 . and R5 is NH-R6-R7 and R6-R7 is (CH,),NH2 where z is 2-6; or -(CH ? ) 3 - 
NH (CH ? ) 4 NH 2 ; or •NH (CH 2 ) 3 NH (CH 2 ), NH(CHj) 3 NH 2 , C(0)-fluorescein. or 



— C-CH— (CH^-NH-tCHzb-NHs- 
NH— (CH 2 ) 3 — NH 2 
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where p is 2-5, Z is H or other groups attached by amide or alkyl amino groups. 

In preferred embodiments, the Rl lipid moiety is linked to amino acids or polypeptides through an alkyl linker. 
25 Alternatively, the cytofectin can include a Afunctional linker, for example hydroxysuccinyl-OORIE-propyl amide. 
Bioactive He ad qroups on the Cvtofectins 
(a) Targeting species 

A cytofectin according to the present invention can include a molecular species having a biological cell 
targeting activity as a terminal group. Within this class are cytofectins comprising cell receptor-specific molecules. 
30 The receptor-specific peptides or amino acids are typically linked as amides via OMR.E-OX and K AP-DMRIE. Examples 
of preferred species of this type are DMRIE carboxylate (methionine-leucine-phenylalamne methyl ester) am.de (DOx- 
Met-Leu-Phe-OMe). and pGlu-Pro-His-K-OMRIE, comprising chemotactic peptides. Other ligands for cell surface 
receptors that can be attached to cytofectins of the invention comprise peptidomimetic analogs; many viral 
attachment and internalization peptides, lactose and other di- and polysaccharides; acetylcholine analogs; and folic 

35 acid derivatives. 

(b) Thp.rapeutic agents 
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A cytofectin according to the invention can include as a terminal group a bioactive molecular species. An 
example of a preferred species of this type is pGlutamate histidineproline-K-OMRIE amide, comprising a thyrotropin- 

releasing hormone. 

(c) Cellular and Intracellular Targeting 
5 A cytofectin according to the invention can comprise a terminal group bearing a ligand that can specifically 

bind to a cell membrane or intracellular target to effect a desired physiological response. Appropriate ligands may 
comprise peptides that are viral epitopes, hormones, enzyme substrates, monosaccharides, disaccharides. 
oligosaccharides, carbohydrates, cofactors. drugs, lectins, oligonucleotides, and nucleic acids. Preferred species 
among this group are cytofectins comprising chloroquine and other lysosomotropic agents, nuclear loc.bz.Mn 
10 peptides, corticosteroids and viral peptides or proteins. 
Rmn ps influencing transfection efficiency 

The cytofectins of the present invention may be linked to groups which influence their transfect.on 
efficiencies. Such groups may be amino acids, peptides, polypeptides, proteins, nucleic acids, nucleotides, 
polynucleotides, mono, d- or polysaccharides. Additionally, the amino acids, peptides, polypeptides, or proteins may 
include unusual or modified amino acids not generally found in living organisms. Such unusual or mod.f.ed am.no 
acids include but are not limited to the modified and unusual amino acids listed in 37 C.F.R. S 1.822. In addition, 
such amino acids may be synthetic amino acids not found in nature. 
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Transfection Efficacy 

Representative compounds of each class in the ONIRIE series together with a measurement of cytofect.n 
activity relative to DMRIE are listed in Table I. Table I clearly demonstrates that DMR1E derivatives having several 
of the linking groups of the present invention provide efficient levels of transfection. 
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I: SUMMARY OF CYTOFECTIN HEADGRDUP ALTERATIONS AND ACTIVITY 



Functional Group 
Methyl Ureas 

Methyl Carbamates 



Sugar-thiourea 
glucose 
arabinose 
galactose 
lactose 

Single Amino Acids 
serine 
methionine 

Peptides 
MeMeu-Phe 
pGlu-His-Pro 



Alky] Link 

ethyl (C2) 
propyl (C3) 
butyl (C4) 

ethyl (C2) 
propyl (C3) 
butyl (C4) 



propyl (C3) 
propyl (C3) 
propyl (C3) 
propyl (C3) 

butyl (C41 
methylene (CD 

methylene (CD 
propyl (C3) 



Name 

BMU 
GMU 
QMU 

/?MC 
KMC 
SMC 



Glc-TU-DMRIE 
AraTUDMRIE 
GalJUDMRIE 
LacJU-OMRIE 



(5*ser-DMRIE 
OOx-Met-OMe 

DQX-MLF-OMe 
TRH-K-DMRIE 



Activity 
Cos7 C2C12 



> 
> 
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> 



> 
ND 



< 
< 

NO 
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Reaction Schemes and Preparation Methods 
A. Synthesis of Cytofectins 

The compounds of the invention may be prepared by any convenient process. In order to expediently enable 
the synthesis of the cytofectins of the invention from the key intermediates of Scheme II, generalized methods for 
the synthesis of these derivatives are presented diagrammatically and in terms of specific examples. The various 
carboxy cytofectins, both of the carbamyl cytofectin species, and the cytofectins with urea-like functional groups 
can be prepared according to the synthesis procedures outlined in Schemes III. IV, and V r respectively. 

The cytofectins of the invention are conveniently prepared from homologs of a key intermediate having the 
general formula 




Compound JJ. 



PCTAJS96/1972I 

WO 97/19675 25 

Preferred cytofectins wherein n is 1 and m is 2 are prepared from the Compound L3 of Scheme I. wherein 
n is 1. Compound L3 can be prepared from M by alkylation at the hydroxyls of dialkylaminopropanediol to generate 
12 followed by alkylation of N with an R-substituted ethyl group as shown. 

Scheme II sets forth a general method of synthesis of the starting compounds for Scheme I for species 
5 wherein n-1-6. Various compounds along the route of synthesis are commercially available, for example as the 
hydroxy-olefin 113 or the bromo-olefin IJ4. Only the cytofectin species wherein n - 5 requires starting from the 
acid IB- For the preparation of the preferred species wherein n is 1 and m is 2. the final dimethylaminopropanediol 
is commercially available (Cat. No. 21.021-8. Aldrich Chemical Co.. St. Louis. MO). 

The cytofectins of the invention are prepared by appending various known molecules with reactive functional 
10 groups in an appropriate order to the skeleton structure of the key intermediates. The various known compounds, 
for example, substituted alkyl amines, sugars, ureas, thioureas, amino acids, and peptides are available from 
commercial sources. Methods for coupling the various functional groups to the key intermediates are well known 
,o those skilled in the art and described in detail in the literature, for example in the monograph series . Reagents 
for Organic Synthesis Vol. M6, John Wiley & Sons. New York, NY. 
15 Summary of Synthetic Tra nsformations 

Cytofectins of the type claimed in this application may be prepared using conventional synthetic chemistry. 
The synthetic procedures for all of the cytofectins disclosed herein is essentially the same, but employ different 
amino-alcohols as starting materials. The skeleton is formed by elaboration of dihydroxy-dia.ky.amine compounds as 
illustrated in Scheme I. The hydroxyl functions are linked to hydrophobic alkyl chains using reagents and cond,t,ons 
20 dictated by the specific substituents desired to be introduced. For example, simple n-a.ky. chains may be conven.ently 
introduced by coupling the requisite alky, methane sulfonate with the a.cohols using base catalysis. The terfary 
amine is then treated with a functioned, suitably protected alkylating agent to effect quaternizat.on of the 
nitrogen Specific functionalities appended via the quaternary nitrogen may then be elaborated into the var.ous 
functional classes called Carboxy, Carbamyl, and Urea-Cytofectins. as shown in Schemes III, IV. and V. General 
25 synthetic strategies such as those disclosed in U.S. Patent No. 5.334.761. which is incorporated herein by reference, 
can be used to advantage in the present invention. 

To prepare Carboxy Cytofectins according to Scheme III, a primary alcohol moiety linked to the quaternary 
nitrogen (IIM) is oxidized to the corresponding carboxylic acid (.112). Numerous reagents may effect this 
transformation, and we standardly employ a modified chromium trioxide oxidation. The cytofectin carboxylate ,s 
30 typical in that it may be coupled with a variety of alcohols, thiols, and amines to afford the corresponding esters, 
thioesters, and amides, respectively. In this manner, any materia, bearing an appropriate nucleophile may be Inked 
to the "basic" carboxy cytofectin skeleton to generate compounds such as IJ13 and \ M . For example, the 
preparation of DMRIE carboxylate propyl amide was effected by OCCcatalyzed coupling of propyl amine with OMRIE 
carboxylate. The corresponding amino acid and peptide derivatives were prepared using similar technology, and 
35 provide further specific illustrations of this type of synthetic route and its application in incorporating biologically 



active moieties. 
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Two "orientations" are possible when preparing Carbamyl Cytofectins, and synthetic routes for both 
orientations are illustrated in Scheme IV. Alcohol moieties appended to the quaternary nitrogen (IVA-1) may be 
converted to the corresponding carbamates ( IVA-2 ) in several ways, including treatment with an appropriate 
isocyanate. Amine substltuents appended to the quaternary nitrogen ( IVBD may also be converted to carbamates 
5 ( jVB-2 ) in an analogous manner, although different reagents are typically required. For example, the preparation of 
the methyl carbamate of DMRIE employed coupling the parent cytofectin alcohol with methylisocyanate. 

The Urea Cytofectins (£2) ma Y be Prepared from cytofectins bearing a primary or secondary amine function 
(VJ.) according to Scheme V. This may be done in several ways. For example, we have employed both single step 
conversions using various isocyanates and two step conversions comprised of initial treatment with phosgene followed 
10 by coupling with an amine. The preferred methodology for any given compound depends on the functional groups 
within the starting cytofectin and those present on the amine substituents. For example, ^amino propyl DMRIE may 
be treated with methylisocyanate to yield the corresponding methyl urea in one step. Alternately, the two step 
conversion technique was employed to generate the ramino propyl DMRIE arginine methyl ester urea. 

Following these generalized procedures, the following cytofectins were among those prepared and tested 
15 for transfective activity: 



20 

1. Rl cytofectins 

Serine-<5DMRlE amide 

Aspartate-K*DMR |E amide 
pGlutamate-histidine-proline-K-DMRIE amide 

25 (a thyrotropin releasing hormone derivative 

Hydroxysuccinyl-DORIE Propyl Amide 

2. Carboxy Cytofectins 

DORIE Carboxylate [C18:1 alkenyl side chains) 

30 DMRIE Carboxylate [C 14 alkyl side chainsl 

DMRIE Carboxylate Propyl Amide 
DMRIE Carboxylate (methionine-methyl ester) amide 
DMRIE Carboxylate (methionine-leucine-methylester) amide 
DMRIE Carboxylate (methionine-leucine-phenyl alanine methyl ester) amide la chemotactic peptide 

35 derivative] 

3. Carbamyl Cytofectins 

DMRIE Methyl carbamate 
Hydroxypropyl DMRIE Methyl Carbamate 
40 Hydroxybutyl DMRIE Methyl Carbamate 



4. Urea-like Cytofectins 
Ureas 

^aminoethyl-DMRIE, Methyl Urea 
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^aminopropyl-OMRIE, Methyl Urea 
<5-aminobutyi DMRIE, Methyl Urea 

y-aminopropyl-DMRIE, Arginine-Methyl Ester Urea 
y-aminopropyl-DMRlE, Lysine Methyl Ester Urea 
y-aminopropyl-DMRIE, Lysine Inner Salt Urea 

Thioureas 

y-aminopropyl-DMRIE. a-glucosyl thiourea 
y-aminopropyl-DMRIE, ^galactosyl thiourea 
K*aminopropyl-DMRIE, a-arabonysl thiourea 
y-aminopropyl-OMRIE, a-lactosyl thiourea 
DMRIE-ythiourea 

The methods described above may be used to prepare a large number of cytofectins for screening in a 
reasonable period of time. Synthesis in conjunction with screening can be used to efficiently select the most 
effective cytofectin for a defined application. 

It is generally known to one skilled in the art that in the case of molecules having more than one reactive 
functional group, it is necessary to block or mask one or more of those groups which are not intended to participate 
in the particular coupling reaction. 

Formulations 

The compounds of the invention can be used in formulations to transf ect mammalian cells both in vitro and 
in vivo Formulations for transfection are known to those skilled in the art and are disclosed, together with methods 
for their preparation, for example, in U.S. Patent No. 5.264.618 to Feigner. U.S. Patent No. 5.334.761 to Gebeyehu 
et al. and Feigner et al. U Biol. Chem. 269:2550-2561, 1994), which are hereby incorporated by reference. The 
cationic lipids of the invention can he combined with amphipathic lipids such as phospholipids and with neutral lipids, 
such as cholestero. to form lipid vesicles, which can be liposomes, unilammelar vesicles. micelles, or sim pI e films. 

Cationic lipids of the invention are particularly useful in facilitating gene therapy, as disclosed in clm.cal 
trials reported by Nabel et al. Woman Gene Therapy 3:399-410, 1992). The use of cationic liposomes is known to 
be useful for facilitating entry of polynucleotides, macromolecules. and small molecules into cells of the blood vessels, 
the systemic circulation, lung epithelial cells, brain tissue and frog embryos (Xenopus). 

It is also noted that the cytofectins of the present invention are useful in transfecting cells in vitro. 
Although various compounds within the scope of the present invention are somewhat tissue specific in vivo, most 
or all are useful for transfection of cultured cells in vitro. For any particular candidate cytofectin of the present 
invention, its relative transfection efficacy in vitro and in various tissues in vivo can be readily ascertained us.ng 
screening assays such as those disclosed in Examples 812. 

FVPFRIMFNTAL PROCEDURES 
The chemical reactions described below are disclosed in terms of their general application to the preparation 
of the cationic lipids of the invention. Occasionally, the reaction may not be applicable as described to each 
molecular species within the disclosed scope. The compounds for which, this occurs will be readily recognized by 
those skilled in the art. In all such cases, either the reactions can be successfully performed by convent.onal 
modifications known to those skilled in the art. that is. by changing to alternative conventional reagents, or by 
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routine modification of reaction conditions. Alternatively, other reactions disclosed herein or otherwise conventional 
will be applicable to the preparation of the compounds of the invention. In all preparative methods, all starting 
materials are known or readily preparable from known starting materials. 

The present invention is described below in detail using the following examples, but the methods disclosed 
are applicable for the preparation of all cationic lipids covered by the scope of the invention and are not limited to 
the examples. All of the temperatures indicated in the Examples are in degrees Celsius and are uncorrected. 

EXAMPLE 1 

Preparation of a Carboxv cvtofectin: DMRIE-Ox 

DMRIE Br (1.14 g) is dissolved in 18 mL dtmethylformamide with gentle stirring, then 2.71 g pyridinium 
dichromate is added and the reaction vessel is purged thoroughly with argon and tightly stoppered. After 18 h the 
solvent is removed at reduced pressure. The residue is partitioned between ethyl ether and 0.2N sodium hydroxide. 
The organic layer is collected and the aqueous layer is extracted repeatedly with ether. The combined organic 
extracts are dried with MgS0 4 , then filtered and evaporated to afford crude product. Chromatography through silica 
gel with CHCI 3 ; Me0H:NH 4 0H:H 2 0 (90:10:0.25:0.25) affords pure product. 

EXAMPLE 1A: DPRIE carboxylate; and EXAMPLE IB: DORIE carboxylate were prepared following the procedure 
described in Example 1, using DPRIE Br and DORIE Br, respectively, as starting materials in place of DMRIE Br. 

EXAMPLE 2 

Preparation of a Carboxv cvtofectin Ester: DMRIE-Ox Ethyl Ester 

The carboxy cytofectin product of Example 1, DMRIE-Ox, (300 mg) was dissolved in 7 mL chloroform and 
washed with 3 mL 1N HCI. The organic phase was dried with MgS0 4 , then filtered into a reaction vessel. 
Anhydrous ethanol (100 /A) and dicyclohexylcarbodiimide (1.3 mL of a 0.5 M solution in dichloromethane) were 
added, the flask was then stoppered and stirred overnight at ambient temperature. The reaction was filtered through 
a medium glass frit to remove any solid byproducts, then evaporated. Chromatography of the evaporation residue 
using silica gel with CHCI 3 :MeOH:NH 4 OH:H 2 0 (90:10:0.25:0.25) afforded pure product. 

EXAMPLE 3 

Preparation of a Carboxv Cvtofectin Amide: DMRIE-O x Propyl Amide 

DMRIE-Ox (300 mg) was dissolved in 7 mL chloroform and washed with 3 mL 1N HCI. The organic phase 
was dried with MgS0 4 , then filtered into a reaction vessel. The solution was placed in an ice-water bath and N- 
hydrosuccinimide (82 mg) then dicyclohexylcarbodiimide (1.3 mL of a 0.5 M solution in dichloromethane) were added 
and the reaction was allowed to stir with warming for 8 hours. At this time propyl amine (40 mg) was added as 
a neat liquid and the reaction allowed to stir at room temperature overnight. The reaction was filtered, then 
evaporated. Chromatography of the filtrate residue through silica gel with CHa:MeOH:NH 4 OH:H 2 0 (90:10:0.25:0.25) 
afforded pure product. 
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. EXAMPLE 3A: DMRIE carboxylate (methionine-methyl ester) amide; EXAMPLE 3B: DMRIE carboxylate 
(methionine-leucine-methyl ester) amide; and EXAMPLE 3C: DMRIE carboxylate (methionine-leucine-phenyl-alanine- 
methyl 0 ster) amide were prepared in a similar procedure by substitution of the corresponding amines for propyl amine 
in the protocol of Example 3. 

EXAMPLE 4 

b 

Pre paration of a r. y tr,fi.r.tin u rea - nMRIE-fl-Methvl Urea 

0AE-OMRIE (1 g) was dissolved in 20 mL dry chloroform with stirring and methylisocyanate (100 mg) was 
added as a neat liquid. The reaction was stirred overnight then the solvent and excess isocyanate were removed 
by evaporation. The residue was chromatographed on silica gel with CHCI 3 :Me0H:NH 4 0H:H 2 D which afforded pure 
10 product. 

EXAMPLE 4A: K aminopfopyl-DMRIE. methylurea; and EXAMPLE 4B: K aminobutyl-DMRIE, methylurea were 
prepared similarly by substitution of K -aminopro P yl-0MRIE and K -aminobutyl-DMRIE. respectively, as starting material. 

EXAMPLE 5 

Prp paratinn nf a Cvtofec "" r.arhamate: 0MRIF-/?-Methyl Carbamate 

15 DMRIE (1 gm) was dissolved in 15 mL dry chloroform with stirring followed by addition of triethylamine 

,1 3 mL) Methylisocyanate (100 mg) was then added as a neat liquid, and the reaction was stirred overnight. The 
reaction was quenched by sequential addition of 20 mL chloroform and 20 mL 0.2N HCL The biphasic mixture was 
stirred for approximately 1 h. then transferred to a separatory funnel and the organic phase collected. The solufon 
was dried with magnesium sulfate, filtered, concentrated then treated with high vacuum to give the crude product 

20 as a foam. The material was chromatographed with silica gel using elution with CHCI 3 :MeOH:NH < OH:H J 0 
(90:10:0.25:0.25) to afford pure product. 

EXAMPLE 5A: hydroxypropyl DMRIE methyl carbamate; and 
EXAMPLE 5B: hydroxybutyl DMRIE methyl carbamate were prepared similarly by substitution of hydroxypropyl DMRIE 

and hydroxybutyl DMRIE, respectively, as starting material. 

EXAMPLE 6 

Reneral Scheme fnr Urea-link ed Amino Acids 
Prpnaration of p MBlF-yil-ArolNOJ-OMe: 

A dry reaction vessel equipped with magnetic stirring was maintained under an argon atmosphere, then 
charged with 12 mL dry chloroform and 3.2 mL of 1.93 M phosgene in toluene. The flask was chilled in an 
30 ice/water bath and while stirring, a solution containing 1.40 gr K AP DMRIE and 1.2 mL triethylamine in 12 mL dry 
chloroform was added dropwise over about 5 min. The reaction was stirred at icelwater temperature for 1 hr. then 
the cold bath removed and the reaction allowed to come to ambient temperature over 2.5 hr. At this time, a warm 
water bath was used to gently heat the reaction while excess reagents and solvent were removed evaporatively with 
a stream of dry argon over about 1 hr. The residue was redissolved in 20 mL chloroform and a solution containing 
35 1 20 gr H-Arg(N0 2 1-0Me-HCL and 0.6 mL triethylamine in 7 mL dimethylformamide and 10 mL chloroform was added 
dropwise at ambient temperature with stirring over 5 min and the reaction allowed to stir overnight under an argon. 
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atmosphere. Evaporative removal of the solvent followed by chromatography on silica gel using a 
chloroform:methanol:aqueous ammonia solvent system afforded 1.47 gr' of TLC homogenous product evidencing 
appropriate NMR, IR, UV and high resolution mass spectra. 

EXAMPLE 6A: y-aminopropyl-DMRIE, Lysine methyl ester urea; and EXAMPLE 6B: K-aminopropyl-DMRIE, Lysine inner 
salt urea were prepared similarly by substituting DMRIE-ydJLys(NQ 7 )-OMe and DMRIE-KlHys(N0 2 ), respectively, as 
starting material. 

EXAMPLE 7 
Intralung transfection assay 
Adult (4-16 weeks) female BALB/c mice were lightly anesthetized with metophane and 132 jjq 
chloramphenicol acetyltransf erase (CAT) DNA±cationic lipid in 100 /yl USP saline or water was delivered. intranasal^ 
using a disposable sterile, plastic insulin syringe fitted with a small plastic catheter. All fluids and syringes were 
equilibrated to room temperature and the delivery of the single 100 //I volume of DNA required less than one minute. 
Two or three days post-delivery, the mice were kilted by sodium pentobarbital overdose, and the lungs extracted as 
follows. 

Lungs were immediately frozen and stored at -78°C. Frozen lungs were individually pulverized into a fine 
powder by grinding over 0.4 ml frozen lysis buffer in a 1.5 ml tube using a reversible drill and a bit that just fits 
into the tube, and the powder is stored in the same tube at -78°C until extraction. Frozen powders are thawed and 
100 jj\ of Reporter Lysis Buffer from Promega (Catalog 0E397A) is added to each. The samples were vortexed for 
15 minutes, frozen-thawed three times using alternating liquid nitrogen and room temperature water baths and 
centrifuged three minutes at 10,000 x g. The supernatant was transferred to another 1.5 ml tube and the extraction 
process repeated (without freeze-thawing) after adding another 500 y\ lysis buffer to the pellet. The second 
supernatant was combined with the first and stored at -78°C. 

The cationic lipids used were the DLRIE series (n-2-6) and the DOAP series wherein the alkyl chain has 
either 10, 12 or 14 carbon atoms. The DOAP series corresponds to formula 2 in which R1 -R2-unbranched alkyl 
chain, n-1, R3-R4-CH 3 , m-3, G-N and R5-H. 

CAT assays were performed by the radioactive partition method of SankaranC4/?a/. Biochem., 200:180-186, 
19921 or by using a CAT ELISA kit (Boehringer Mannheim, Indianapolis. IN). Briefly, CAT tissue homogenates were 
disrupted by freeze-thawing three times in an ethanol/dry ice bath. Cellular debris was removed by centrifugation 
and the protein extract was incubated with ^-chloramphenicol and acetyl CoA. The chloramphenicol was extracted 
with ethyl acetate and thin layer chromatography was performed to determine the percent of '^-chloramphenicol 
converted by the extracted cellular protein. Cell extracts were standardized to 2 jj$ protein incubated for 20 
minutes. Tissue extracts were standardized to 200 protein incubated for four hours. 

Standard curves were constructed using purified enzyme (Sigma, St. Louis, MO) spiked into lung extracts 
or enzyme provided in the ELISA kit. The two CAT assay methods yielded equivalent pg CAT per sample from the 
same set of extracts. The results are summarized in Figures 2 and 3. For the DLRIE series, the most effective 
distance from the quaternary nitrogen at which to place the primary amine was four carbons (n-4). (Figure 2). 
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Figure 3 explores the effect of alkyi chain length on transection efficiency for the DOAP series, indicating that the 
C12 compounds are sigmf icantly more effective at mediating pulmonary DNA transition than are the C10 or C14 
compounds Figure 4 compares the activities of the amino acid linked compounds Gly-G-OIRIE and Lys-G-DLRIE 
relative to GAPDLRIE. Gly-GDLRIE was particularly effective in the murine lung system. Figure 4 demonstrates that 
.inking an uncharged, non-polar amino acid such as glycine may to the cytofectin core structure may confer a h.gher 
,eve. of transfection efficiency than that obtained with a charged, polar amino acid such as lysine. 

The tests reported here not only indicate that the compounds of the present invention are active in 

transfection but also demonstrate how to select and optimize cytofectins for transfection of particular tissues. 

Although particular optimum structures are readily apparent for this assay, it will be appreciated that these results 

are tissue specific; in other words, even cytofectins that performed suboptima..y in this assay have valuable act.vity 

in other assays, such as in vitro transfection and intraperitoneal transfection. 

EXAMPLE 8 

Fftpr.t nf Formulation on in < "'rn Transfection: 

flnmnarison "» HMU-OMRIE with OMRIE 

Cytofectin- Solutions of a DMRIE or GMUDMRIE in chloroform were prepared on a weight to volume (w/v) 
basis Allots of cationic lipid and neutral lipid (when used) were transferred aseptical.y to sterile vials ,n amounts 
calculated to provide the relative and absolute lipid concentrations desired upon .constitution with 1 ml of aqueous 

, , L . . , trpam 0 f drv nitrogen, and the vials were treated with high vacuum 

vehicle. Bulk chloroform was removed with a stream or ury nmuyc 

overnight to remove any residual solvent. 

DNA-Hpid complexes: Plasmid DMA at 5 mg/ml of phosphate buffered saline (PBS) as well as the dried, 
formulated cytofectin-neutra. lipid mixture were suspended in OPTIMEM™ (Gibco BRU and mixed together in 96 we,, 
plates at the desired masslmolar ratio as indicated in the Tab.es. The ONA-.ipid complexes were added to the cells 
within 2 hours after mixing. 

Transfection 

Cel. Lines- The cel. lines used were obtained from the American Type Culture Collection (ATCC, Rockvil.e. 
MD) as follows: COS7 monkey kidney cells (ATCC CRL 1651); and C2C12 mouse myoblast muscle cells (ATCC CRL 

U72) ' All cells were passaged 1:5 to 1:10 in 10% fetal bovine serum (FBS) and Dulbecco's Modified Eagles 
medium (OMEM). All cel.s were expanded through 10 doubling passages upon receipt and a.inuots were stored 
frozen. Upon re-expansion, all cells were used for transfection studies before another 10 passages. 

'Transfection Assays: On day 0. 20.000 cells in 100 microliters 10% FEBS,90%OMEM were seeded .nto 
each well of 96-wel. culture plates (Nunc) and cultured overnight in a 5% CO, incubator at 37°C. On Day 1. the 
medium was aspirated carefully without dislodging cells, and 100 micro.iters o, GMU-OMR.EIpRSV feflDOPE in 
serum-free OPTIMEFVT (Gibco BRU was added. OMRIE was used as a reference standard. The IscZ gene encodes 
5 the enzyme ^ga.actosidase which can be assayed co.orimetricaly. The cationic lipid.OOPE ratios varied for each 
well After 4 hours of culture. 50 micro.iters 30% FBS/70% OPTIMEM™" was added to each we... On Day 2. each 
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well received 100 microliters 10%FEBS/90% QPTIMEM™. On Day 3 f the medium was removed and 50 microliters 
lysis 'buffer (0.1% Triton-XlOO in 250 mM Tris, pH 8.0) was added and the plates were stored at 70°C for at least 
20 hours. After thawing, the well media were assayed for their content of /?galactosidase enzyme activity according 
to Feigner et al. U Biol. Chem. 259:2550-2561, 1994). 

The results (Figures 1a*1d) show that total expression of /?-gal in C0S7 cells and C2C12 cells was optimal 
at a GMU-DMRIE/DOPE ratio of 50:50 in both cell tines. Additionally, in C0S7 cells a GMU-OMRIE/DOPE ratio of 
75:25 was also highly effective. Peak /?-ga! expression occurred at in C0S7 cells at a GMU-DMRIE/DOPE ratio of 
75:25 or 50:50. Similar ratios of GMU-DMRIE/DOPE gave peaktfgal activity in C2C12 cells. Total /J-gal expression 
in both cell lines was significantly decreased when the ratio of GMU-DMRIE alone was used. GMU-DMRIE produced 
higher levels of activity than those achieved by DMRIE in C0S7 cells. In C2C12 cells GMU-DMRIE gave significantly 
higher levels of total activity than DMRIE. The screening assay used in these tests is useful for demonstrating 
transfection activity and for optimizing the cytofectin/colipid ratio. 

EXAMPLE 9 
Intraperitoneal tumor assay 
Two hundred thousand murine B16 tumor cells in 500 //I RPMI were injected intraperitoneal into 
C57/B16 mice at day 0. At day 7-14, mice received intraperitoneal injections of 0.5 mg CAT DNA in 1.5 ml saline 
containing cytofectin at a 10:1 molar ratio of cytofectin:DNA. The cationic lipids used were DMRIE, GAPDMRIE, 
GAP-DLRIE, and GMU-DLRIE. Two days later, tumors were collected, extracted and assayed for CAT activity as 
described in Example 7. The CAT activities observed with the cytofectin formulations is compared to a control 
receiving DNA alone in Figure 5. Each cationic lipid resulted in significant CAT expression in tumor cells, indicating 
entry and functional expression of the CAT DNA in the cells. CAT activity was greatest in cells transfected with 
DMRIE. GAP-DLRIE was nearly as effective as DMRIE while GAP-DLRIE and GAP DMRIE also exhibited significant 
activity. 

Figure 5 demonstrates that the cytofectins having a primary amine within three carbons of the quaternary nitrogen 
permit the efficient transfection of DNA in the intraperitoneal tumor assay. 

EXAMPLE 10 
Intramuscular assay 

The quadriceps of restrained, awake mice are injected with 50 lucif erase or CAT DNA ± cytofectin in 
50 jj\ USP saline using a disposable sterile, plastic insulin syringe fitted with a 28G 1/2 needle (Becton-Dickinson) 
and a plastic collar cut from a yellow Eppendorf micropipette tip. The collar length is adjusted to limit the needle 
orifice penetration to a distance of about 2 mm into the central part of the 3 mm diameter rectus femoris muscle. 
Injection fluids and syringes are equilibrated to room temperature and injection of the single 50 pi volume of saline- 
DNA requires several seconds. The entire quadriceps muscle group (140-180 mg wet weight) is collected from each 
mouse leg at various times post-injection. Muscles are frozen and lysed as described in Example 7. 
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Luciferase activity is assayed using an automated microplate luminometer (Oynatech Model ML2250). One 
hundred pi of luciferase substrate is added by the luminometer's injection system to 20 fA extract and sample light 
units are recorded. The luciferse content of the samples is calculated from Relative light Units us.ng a standard 
curve of purified firefly luciferase performed in the presence of uninjected muscle extract. The luciferase activity 
present in the injected muscle extract is much higher than in the uninjected muscle extract. 

This assay illustrates another screening assay for optimizing the structure of a particular cytof ectin for use 
in a particular tissue. 

EXAMPLE 11 

Rene transfer into norcine ar teries and atherosclerotic rabbit arteries 

Liposome transfection of porcine arteries is performed by anesthesia, intubation and sterile exposure of the 
iliofemoral arteries as described. (Mabel et al.. Science. 249:1285-1288. 1990). A double balloon catheter is inserted 
into the iliofemoral artery, and the proximal balloon is inflated to 500 mm Hg for 5 minutes. The balloon is deflated 
and the catheter is advanced so that the central space between the proximal and distal balloon is irrigated with 
heparimzed saline. The CAT DNA solution (CAT DNAtcytofectin is instilled for 20 minutes in the central space of 
the catheter. The catheter is removed and antigrade blood flow is restored. Arteries are analyzed two days later 
for recombinant CAT expression. Arteries transfected with CAT DNA in the presence of cationic lipid exhibit a 
significant increase in CAT gene expression compared to arteries contacted with the ONA alone. 

In vivo gene transfer of atherosclerotic rabbit iliac arteries is performed using a double injury model which 
is described by Faxon et al. Arteriosclerosis. 4:189-195, 1984). After the second angioplasty injury is completed, 
the angioplasty balloon is withdrawn slightly so that the end hold infusion port of the catheter is at the proximal 
end of the injury. A ligature is placed at the distal end of the injury and the injured segment is flushed with 
heparinized saline and CAT ONAtcationic lipid liposome solution is instilled for 20 minutes into the isolated injured 
segment. The catheter is removed and antigrade blood flow is restored. Arteries are analyzed two days later for 
recombinant CAT expression. Arteries transfected with CAT ONA in the presence of cationic lipid exhibit a 
significant increase in CAT gene expression compared to arteries contacted with the DNA alone. 

Without further elaboration, it is believed that one skilled in the art can, using the preceding description, 
utilize the invention to its fullest extent. The invention may be embodied in other specific forms without departing 
from its spirit of essential characteristics. The described embodiments are to be considered in all respects only as 
illustrative and not restrictive, and the scope of the invention is therefore indicated by the appended claims rather 
than by the foregoing description. All modifications which come within the meaning and range of the lawful 
equivalency of the claims are to be embraced within their scope. 
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WHAT IS CLAIMED IS: 

1. A cationic amphiphilic lipid comprising: 

a Rosenthal inhibitor core structure comprising a quaternary nitrogen group; 

an alkyl linker attached to said quaternary nitrogen, said linker comprising a carboxy, carbamyl. 

ureyl, thioureyl or guanidyl group; and 

a bioactive agent which is recognized by a metabolic sytem attached to said linker. 

2. A compound of the formula 



H2C— 0-R1 

I 

HC— O— R2 



R3 



<CH 2 ) n N— (CH 2 )- 

R4 



R5 



15 



20 



25 



30 



wherein 

R1 and R2 are independently H, linear or branched, unsubstituted or substituted C,„ alkyl. acyl. alkylene 
or heteroalky. groups having from 0 to 6 sites of unsaturate cyclic and ary. groups, said groups comprising from 
0 to 5 heteroatoms, wherein the substituent groups are selected from -0-<C«U-CH, -S-ICH A CH, X-ICfU, wherem 
X is a halide. and -Nl(CH ? ) k -CH 3 l, wherein the alkyl groups of said substituents comprise from 0 to 2 heteroatoms 
and k is 0 to 4. 

R3 and R4 are independently linear or branched, unsubstituted or substituted C, n alkyl. alkylene or 
heteroalkyl groups having from 0 to 6 sites of unsaturate, cyclic and aryl groups, said groups comprising from 0 
to 5 heteroatoms. wherein the substituent groups are selected from . 0 .(CH 2 ) k CH,. -S-fCH^-CH,. X-(CH A , where.n 
X is a halide. and -NIICHA CH^, wherein the alkyl groups of said substituents comprise from 0 to 2 heteroatoms 

and k is 04; 

R5 has the structure 



O 
II 

-c- 



wherein Z is selected from the group consisting of 0, S, NH, Se, C, H and OH; 
R6 is absent, or is selected from the group defined for Rt, R2, R3 and R4; 
n is 1 to 6; 
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m is 2 to 10;and 

Y is a pharmaceutical^ acceptable anion. 

3. A compound according to Claim 2 wherein 

Z is N, and R5 has the structure 




wherein 

R7 and R8 are independently selected from the group defined for R1, R2, R3 and R4 and optionally further 
comprise a chemically linked amino acid, peptide, polypeptide, protein, nucleic acid, nucleotide, polynucleotide, mono-, 
di- or polysaccharide, or other bioactive or pharmaceutical agent. 

4. A compound according to Claim 2 wherein Z is C, and R5 has the structure 



20 




wherein 

R7 f R8 and R9 are independently selected from the group defined for R1, R2, R3 and R4 and optionally 
further comprise a chemically linked amino acid, peptide, polypeptide, protein, nucleic acid, nucleotide, polynucleotide, 
25 monodi- or polysaccharide, or other bioactive or pharmaceutical agent. 

5. A compound according to Claim 2 wherein R1 and R2 are C 10 to C 20 alkyl or alkenyl groups, Z 
is 0 and R6 is an amino acid or peptide linked to Z as an ester. 

6. A compound of the formula 



30 



H2C— 0-R1 


Y" 


I 

HC-0-R2 




i 


f 


(CH 2 ) n 


N— (CH 2 ) m R5 




R4 
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wherein 



10 



15 



Rl and R2 are independently H, linear or branched, 
unsubstituted or substituted C,„ alkyl. acyl. alkylene or heteroalkyl groups having from 0 to 6 sites of unsaturate, 
cyclic and aryl groups, said groups comprising from 0 to 5 heteroatoms. wherein the substituent groups are selected 
from -0.(CH,) k -CH 3 , -S-(CH 2 ) k -CH, X-ICHA-. wherein X is a halide. and -NitCHA-CH,), wherein the alkyl groups of 
said substituents comprise from 0 to 2 heteroatoms and k is 0-4; 

R3 and R4 are independently linear or branched, unsubstituted or substituted C,, 3 alkyl, alkylene or 
heteroalkyl groups having from 0 to 6 sites of ^saturation, cyclic and aryl groups, said groups comprising from 0 
to 5 heteroatoms, wherein the substituent groups are selected from -D-tCHA-CH,. -S-|CH 2 ) k -CH, X.(CH,|„ wherein 
X is a halide, and -N((CH 2 ) k CH 3 ) ? . wherein the alkyl groups, of said substituents comprise from 0 to 2 heteroatoms 
and k is 0-4; 

wherein R5 is N-C<0) or is selected from the group consisting of 




20 



25 




30 




35 wherein 



R6. or R6 together with R7. is selected from the group 
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defined for R1 f R2, R3 and R4 and optionally further 

comprises a chemically linked amino acid, pept.de, polypeptide, protein, nucleic acid, nucleotide, polynucleotide, mono, 
di- or polysaccharide, or other hioactive or pharmaceutical agent; 

R8 is absent, or is H or an alky) group selected from the group consisting of HI. R2, R3 and R4 and 
wherein R8 may he joined to R6 or R7 so as to form a ring; 

W is 0, N, NH, S, Se, C. CH, or CR,R 7 , wherein R, and R 7 are as defined above; 

n is 1 to 6; 

m is 2 to 10; and 

Y is a pharmaceutical^ acceptable anion. 
7. A compound of the formula 



H2C— O— R1 


Y" 


I 

HC-0-R2 




i 

! 


f 


(CH 2 ) n 


-N— (CHaJs-RS 




I 

R4 



wherein 

R1 and R2 are independently H, linear or branched, unsubstituted or substituted C, 23 alkyl, acyl. alkylene 
or heteroalkyl groups having from 0 to 6 sites of unsaturation. cyclic and aryl groups, said groups comprising from 
0 to 5 heteroatoms. wherein the substituent groups are selected from -0.(CH ? ) k -CH 3 . S-(CH 2 ),CH 3 , X(CH 2 ),, wherein 
X is a halide, and N(lCrUCH 3 ) 2 . wherein the alkyl groups of said substituents comprise from 0 to 2 heteroatoms 

k is 0-4, n is 1-6, and m is 2-10; and 

R3 and R4 are independently linear or branched, unsubstituted or substituted C, 23 alkyl, alkylene or 
heteroalkyl groups having from 0 to 6 sites of unsaturation, cyclic and aryl groups, said groups comprising from 0 
to 5 heteroatoms. wherein the substituent groups are selected from W-CH, -S-(CH,) k CH, X-(CH 2 ) k -, wherein 
X is a halide, and -N((CH 2 ) k CH 3 ) 2 , wherein the alkyl groups of said substituents comprise from 0 to 2 heteroatoms 
and k is 0-4; 

wherein R5 is H or is -0-R6-R7, wherein R6, or R6 together with R7, is selected from the group defined 
for R1, R2, R3 and R4 and optionally further comprises a chemically linked amino acid, peptide, polypeptide, protein, 
nucleic acid, nucleotide, polynucleotide, mono, di- or polysaccharide, or other bioactive or pharmaceutical agent; 

n is 1 to 6; 

m is 2 to 10;and 

Y is a pharmaceutical acceptable anion; 
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wherein if R1 is H. or C1-C24 alkyl or alkenyl and R2 is CI to C24 alkyl or alkenyl and R3 and R4 are 
the same or differenf and are C1C24 alkyl or H. and R5 is 0R6R7. and R6 is- absent. .C(0)-<CH2),-NH, a 
diaminocarboxylate ester group which is alkyl. aryl. or aralkyi or .C(0MCH2),-NH linked to a diaminocarboxylate ester 
group and p is 1 to 18. then R7 is not H. spermine, spermidine, a histone. a protein with DNA-binding specificity 
or the preceding groups wherein the amine functionalities of the R7 moiety are quaternized with H or a C, to C J4 

straight or branched alkyl chain; or 

art L-or Dalpha amino acid having a positively charged group on the side chain.said amino acids comprising 

arginine, histidine. lysine or ornithine or analogues thereof;or 

wherein the amine of the R7 moiety is quaternized with H or a C, to C„ straight or branched alkyl chain; or 

a polypeptide selected from the group consisting of L- or D-alpha amino acids, wherein at least one of the 
amino acid residues comprises arginine, histidine. lysine, ornithine, or analogues thereof. 

8. A compound according to Claim 7 selected from the group consisting of amino acids or peptides 
chemically linked to dialkyl-Rosenthal inhibitor ethers or dialkenyl-Rosenthal inhibitor ethers wherein said amino acids 
or peptides are selected from the group consisting of those groups which are non-polar, polar and uncharged, or 

negatively charged at physiological pH. 

9. A compound according to Claim 7 selected from the group consisting of dialkvl- and dialkenyl- 
Rosenthal Inhibitor ethers covalentlv linked to a bioactive moiety through a Afunctional linker. 

10. A compound of the formula 



25 



H2C — 0-R1 


Y" 


I 

HC-0-R2 








(CH 2 )n 


N (CHais-RS 




R4 



30 



wherein 

R1 and R2 are independently H. linear or branched. unsubstituted or substituted C, n alkyl. 

acy) alkYlene or heteroalkyl groups having from 0 to 6 sites of unsaturate, cyclic and aryl 

groups, said groups comprising from 0 to 5 heteroatoms. wherein the substituent groups are selected from -0 (CH 7 ) k - 
CH„ S (CH,VCH 3 , X-ICHA-- wherein X is a halide. and -N((CHA-CH,) 2 . wherein the alkyl groups of said substituents 
comprise from 0 to 2 heteroatoms and k is 0-4. 

R3 and R4 are independently linear or branched, unsubstituted or substituted C tJ3 alkyl. alkylene or 
35 heteroalkyl groups having from 0 to 6 sites of unsaturate, cyclic and aryl groups, said groups comprising from 0 
to 5 heteroatoms, wherein the substituent groups are selected from -O ICHA-CH, -S-ICHA CH, X (CH 2 ),. wherein 
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X is a halide, and -N((CH 2 | k -CH 3 ) ? , wherein the alky! groups of said substituents comprise from 0 to 2 heteroatoms 
and k is 0-4; 

wherein R5 is H or NH-R6-R7, wherein R6 r or R6 together with R7, is selected from the group defined for 
R1, R2, R3 and R4 and optionally further comprises a chemically linked amino acid, peptide, polypeptide, protein, 
nucleic acid, nucleotide, polynucleotide, mono, di- or polysaccharide, or other bioactive or pharmaceutical agent; 

n is 1*6; 

m is MO; and 

Y is a pharmaceutical^ acceptable anion;and 

wherein if n is 1, and m is 2 to 6, and R1 and R2 separately or together are C r C 23 alky! or C(0)-C r C 23 , 
and R3 and R4 separately or together are H or unbranched alkyl C r C 6 , and R5 is NH-R6-R7 then R6-R7 is not ■ 
<CH 2 ),NH2 where z is 2-6; or -lCH 2 ) r NH-(CH 7 ) 4 -NH 2 ; or -NH-{CH 2 ) 3 -NH-(CH 2 ) 4 -NH(CH 2 ) 3 .NH 2 , C(0)-fluorescein. or 



O 

-C-CH— (CH 2 ) 3 -NH— (CH 2 ) 3 — NH 2 
NH— (CH 2 )3— NH 2 



or 




or 



O 

— C-CH— (CH 2 )p~NH 2 
NH-Z 



where p is 2-5, Z is H or other groups attached by amide or alkyl amino groups. 

11. A compound according to Claim 10 selected from the group consisting of amino acids or peptides 
chemically linked to dialkyl-Rosenthal inhibitor ethers or dialkenyl-Rosenthal inhibitor ethers wherein said amino acids 
or peptides are selected from the group consisting of those groups which are non-polar, polar and uncharged, and 
negatively charged at physiological pH. 
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12. A compound according to Claim 10 selected from the group consisting of dialkyl- and dialkenyl 
Rosenthal Inhibitor ethers covalently linked to a bioactive moiety through a Afunctional linker. 

13. The compound of Claim 10 wherein R5 is glycine. 

14. A compound having the structure 



H,C — O — R, 
I 

HC — O — R 2 



R 3 



(CJ-yn N— R 5 — Z— 

R 4 



wherein R1 and R2 are independently H, linear or branched, unsubstituted or substituted C,„ alkyl, acyl, 
alkylene or heteroalkyl groups having from 0 to 6 sites of ^saturation, cyclic and aryl groups, said groups 
comprising from 0 to 5 heteroatoms, wherein the substituent groups are selected from -0-lCHj) k CH 3 . -S-(CHA CH 3 , 
X-(CH,V. wherein X is a halide. and -N((CHA-CH 3 ) 2 , wherein the alkyl groups of said substituents comprise from 0 

to 2 heteroatoms and k is 0-4; 

R3 and R4 are independently linear or branched, unsubstituted or substituted C tJ3 alkyl, alkylene or 
heteroalkyl groups having from 0 to 6 sites of unsaturation, cyclic and aryl groups, said groups comprising from 0 
to 5 heteroatoms, wherein the substituent groups are selected from -O-tCIU-CHj. -S(CH,) V -CH 3 , X-(CH ? ) k -. wherein 
X is a halide, and -N((CH 3 ) k CH 3 ) 2 , wherein the alkyl groups of said substituents comprise from 0 to 2 heteroatoms 

and k is 0-4; 

R5 is selected from the group defined for R1-R5; 

wherein R6, or R6 together with R7, is selected from the group defined for R1, R2, R3 and R4 and 
optionally further comprises a chemically linked amino acid, peptide, polypeptide, protein, nucleic acid, nucleotide, 
polynucleotide, mono, di- or polysaccharide, or other bioactive or pharmaceutical agent; and 

Z is 0. NH, or S; 

n is 1 to 6; 

m is 2 to 10;and 

Y is a pharmaceutical^ acceptable anion; 

wherein if Z is 0 and R1 is H, or C1-C24 alkyl or alkenyl and R2 is CI to C24 alkyl or alkenyl and R3 
and R4 are the same or different and are C1-C24 alkyl or H. and R6 is absent. C(0)-(CH2) P -NH, a diaminocarboxylate 
ester group which is alkyl. aryl. or aralkyl or -C(0HCH2) P NH linked to a diaminocarboxylate ester group and p is 1 
to 18. then R7 is not H. spermine, spermidine, a histone, a protein with DNA-binding specificity or the preceding 
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groups wherein the amine functionalities of the R7 moiety are quaternized with H or a C, to C 24 straight or branched 
alky! chain; or 

an Lor O-alpha amino acid having a positively charged group on the side chain,said amino acids comprising 
arginine, histidine, lysine or ornithine or analogues thereof;or 

wherein the amine of the R7 moiety is quaternized with H or a C, to C ?4 straight or branched alkyl chain; or 

a polypeptide selected from the group consisting of L- or D-alpha amino acids, wherein at least one of the 

amino acid residues comprises arginine, histidine, lysine, ornithine, or analogues thereof; and 

wherein if Z is NH and n is 1 and m is 2 to 6. and R1 and R2 separately or together are C r C n alkyl or 

C(0)-C r C 23 , and R3 and R4 separately or together are H or unbranched alkyl C r C 6l and R5 is NH-R6-R7 then R6-R7 

is not -(CH 2 ),NH2 where i is 2-6; or (CH 2 ) 3 -NH (CH 2 ) 4 -NH ?; or ■NH-(CH 2 )3-NH-(CH 2 ) 4 -NH(CH 2 )3-NH 7t CIQMluorescein. 

or 



O 

— C-CH— (CH 2 )3— NH— (CH 2 )3~NH 2 
NH— (CH 2 )3— NH 2 



or 




or 



O 

— C-CH— (CH 2 )p— NH 2 
NH— Z 



where p is 2-5, Z is H or other groups attached by amide or alkyl amino groups. 

15. A compound according to Claim 14 wherein R5 is a heteroethylene group, Z is 0 and R6 togethi 
with R7 is a amino acid or peptide chemically linked to the heteroethylene group. 

16. A compound having the structure: 
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(Formula 1) 
wherein 







Y 




R 10\ 














^(C^n— N— (CH^m— G 






R 4 R5 





R1 and R2 are independently H, linear, branched, unsubstituted or substituted C, 23 alkyl, acyl, alkylene, or 
heteroalkyl groups having from 0 to 6 sites of unsaturation, or cyclic or aryl groups, said cyclic or aryl groups 
containing up to five heteroatoms, wherein the substituent groups are selected from the group consisting of -Q-(CH 2 ) k - 
CH 3 , S (CH 2 ) k -CH 3 , X-(CH 2 ) k -, wherein k is 0 to 4, wherein X is a halide, and -N((CH ? ) k -CH 3 ) ? , wherein the alkyl groups 
of said substituents comprise from 0 to 2 heteroatoms; 

R3 and R4 are independently linear, branched, unsubstituted or substituted C v23 alkyl, acyl, alkene, or 
heteroalkyl groups having from 0 to 6 sites of unsaturation, or cyclic or aryl groups, said cyclic or aryl groups 
containing up to five heteroatoms, wherein the substituent groups are selected from the group consisting of -0-(CH 2 ) k - 
CH 3 , -S-(CH 2 ) k -CH 3 , X-(CHA-, wherein k is 0 to 4, wherein X is a halide, and -N((CH 2 ) k -CH 3 ) 2 , wherein the alkyl groups 
of said substituents comprise from 0 to 2 heteroatoms and k is 0 to 4; 

R5 is absent, H or an alkyl group as defined for R, and R2; R5 through RIO independently or in combination 
are absent, or are H or alkyl groups as defined for R1 and R2 and, optionally, further comprise a chemically linked 
amino acid, peptide, polypeptide, protein, nucleic acid, nucleotide, polynucleotide, mono-, di- or polysaccharide, or other 
bioactive or pharmaceutical agent; 

G is absent, 0, N, S or Se; 

Z is 0, N, S, Se, C; 

A is 0, N, S, Se, C; 

n is 1 to 6; 

m is 2-10; 

Y is a pharmaceutical^ acceptable anion; 
wherein if G is N and Z is 0, then A is not C; 
wherein if G is 0 and Z is 0 then A is not C; 
and wherein if G is C and Z is C then A is not C. 

17. The compound of Claim 16 having a primary amine within 8 atoms of the quaternary nitrogen. 

18. The compound of Claim 16 wherein if any of R5-R10 are amino acids or peptides they are selected 
from the group consisting of those amino acids and peptides which are non-polar, polar and uncharged, and negatively 
charged at physiological pH. 
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19. The compound of claim 16 wherein if any of R5-R10 are amino acids or peptides they comprise 
at (east one amino acid not generally found in natural organisms. 

20. Cytofectin formulations comprising the compounds of Claims 16 in a physiologically or isotonically 
acceptable solution. 

21. Cytofectin formulations comprising the cationic lipids of Claim 16 and a co*lipid selected from the 
group consisting of neutral lipids, phospholipids, and cholesterol in a suitable carrier solution. 

22. A method of delivering an anionic molecule into a cell comprising the steps of 

(a) contacting the anionic molecule with a formulation comprising as effective amount of any of the cationic 
lipids of Claim 16 to form a complex with the lipid; and 

(b) contacting a cell with the lipid complex formed in step (a); 

whereby a biologically effective amount of the anionic molecules are inserted into the cell. 

23. Use of the compound of Claim 16 in a composition for introducing a bioactive agent into a cell. 

24. The use of Claim 23, wherein the cell is in vitro. 

25. The use of Claim 23, wherein the cell is in vivo. 

26. The use of Claim 23, wherein the bioactive agent is anionic. 
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